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Sir: ' . ' . 

- 1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94Q80. 

2. Between 1993 and 2001, 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A)- 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer including the quantitative TaqManPCRQ.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et a/./ Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al.. PCR 
Methods ApdL 4:357-362 (1995) (Exhibit C) and Heid et dL, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result* 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et aL. Proc. 
Natl. Acad. Sci. USA 95(25):14717-14722 (1998) (Exhibit E); Pitti et at, Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche et at, Int. J. Cancer 78:661^66 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et 'dL used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to. detect at least a 2-fold increase in gene copy number relative to 
control It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in mat the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor ina tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 



8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon 




Date - Audrey D. Goddard, PkD. 
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110 Congo St. 
San Francisco, CA, 94131 
415.841.9154 
415.819.2247 (mobile) . 
agoddard@pacbell.net 

PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 

1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate anc (research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 



Genentech, Inc. 
1 DNA Way 

South Sari Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 
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1993 - 1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High i throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification: 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children (with idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney ■■ 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J arid DBA mice 



EDUCATION 
Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 

Honours B.Sc 

The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BU6J mice." 
Supervisor: Dr. G. D. Sweeney 



University of Toronto 

Toronto, Ontario, Canada. 1989 

Department of Medical 

Biophysiqs. 

McMaster University, 

Hamilton,. Ontario, Canada. 1983 

Department of Biochemistry 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 1 989-1 992 

Medical Research Council Studentship 1983-1988 

NSERC Undergraduate Summer Research Award 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Harry Lyman Hooker Scholarship 1981-1983 
j.LW. Gill Scholarship ' 1981-1982 

Business and Professional Women's Club Scholarship 1980-1981 

Wyerhauser Foundation Scholarship 1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes, functional Genomics: From Genome to Function Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL/USA. February 

. 20oa ; . . 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations, in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS '' 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A Godowski PJ and Gumey AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number 6,426,218. Date of Patent; July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770 Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. ; * 

Botstein DA Cohen RL, Goddard AD, Gumey AL, Hillan. KJ, Lawrence DA, Levine AJ t 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same! 
Patent Number 6,387,657. Date of Patent: May 14, 2002. 

Goddard A Godowski PJ and Gumey AL. Tie Hgands. Patent Number: 6,372,491 Date of 
Patent: April 16,2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number. 6,350,450. Date of Patent: Feb. 26, 2002. 

Forig S, Ferrara N, Goddard A, Godowski PJ, Gumey AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number 6,348,351. Date of Patent: 
Feb. 19,2002. 

Goddard A, Godowski PJ and Gumey AL. Ligand homologues. Patent Number 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome* Patent Number: 6,207,640. Date of Patent: March 27 
2001. 

Fong S, Ferrara N, Goddard A Godowski PJ, Gumey AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,824,642. Date of Patent: October 20, 1 998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,646,1 13. Date of Patent: July 8, 1 997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dawd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
K3F-1 receptor mutations resulting in pre- and. post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WK Mampka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor hbmolog IL-17RM . Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, VVood Wl, Goddard AD and 
Gurney AL (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. NatL Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Van M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding ito two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused;, a negative regulator of the zinc-finger transcription factor GIL J. Cell Sci. 112: 4437- 
'•4448. 

Xie M-H, Holcomb I, Deuel B, Dbwd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A;L. (1 999) FGF-1 9; a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan Lee J, Schilbach S, Gdddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. BioL Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P ( Goddard AD, Wood Wl, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current B/o/ogy 9(4): 21 5-21 8. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P, (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gumey AL, Hillan KJ> Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer Nature 396(6712): 699-703. 

Pennica D, Swansbn TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, GurneyAL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA: 95(25): 14717- 
•14722; . ' •• 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gumey AL 
and Godowski PJ. (1998) Toll-Jike receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 1 6(7): 677-681. 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-contaihing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM» Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nafure. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gumey K 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current S/o/ogy. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gumey A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger trahscription factor G/M. Neuron 
• 19: 15-26. 

Sheridan JP, Marsters SA, Pitti RM V Gumey A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chemausek S, Geffner M t Gertner J, Hintz R, Hopwood N, Kaplan S, 
Ptotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R r Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo JA, Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GP Winked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M t Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D; 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. • 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1 996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1 996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl: 
Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 1 42: 1 659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp. 187-21 5. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA t Hefti F, Phillips HS f Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N r 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q t Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. NatL Acad Sci. USA 93: 7108-7113. 

Winslow JW f Moran P, Vaiverde J, Shih A, Yuan JQ f Wong SC; Tsai SP f Goddard A, Henzel 
WJ, Hefti F and CarasT. (1995) Cloning of AL-1 , a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973t981 . 

Bennett BD, Zeigler FC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Nail. Acad. ScL USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ; Fairbaim L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6: 732-737. 
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G ddard AD, Covelio R, LuohSM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Wells 
JA, Carissdn LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med 333- 
1093-1098. - y >\. 

Kuo SS, Mbran P, Gripp J, Arimanini M, Phillips HS, Goddard A and Caras IW. (1 994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
feceptor-type tyrosine kinase with homology to Axl/Ufo- is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Froretos T, Mitelman F and Solomon E. (1 994) Molecular analysis of simple variant 
translocations in aicute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dgbe I, Winfield DA, 
Kingston J, Ha&emeijer A r Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
SuppIS: 117S-119S. 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1 992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet. 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD^ Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 

1374.;'. • • 

Sofomon E, Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254:1153-1160; 

Paiunen L f Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko K\. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Nqti linking library from human chromosome 17q. 
Genomics A 0: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1 990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 1 7. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1 990) Molecular cloning Of 5(IV j collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locos Am J Hum 
Genet. 46: 1024-1033. r 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M» Hinton D» Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. LabJnvest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families Clinical 
Genetics 37: 117-126. '■■ 

ZhuXP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL (1989) 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: 312-314. ' - 
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4 shows th<^fluor^ 

reaetiotts ^vene usi% primers spfeMc for ei- 



the sicjBle-muta^Qn site at the tcrriijrM 3' 



^ ^r it^lf # and E&r rxrtindto ^^ptt^' 

double-helix), After thie first ^haturadon target 
J>NA will be largely iingle^traq^led. After a fc&is 
£^piete*fr^ 

the amount # uto to j J>rinie^^ 

additional dsDNA, resuWng ■« sin increase in fiu<^es^^ a- rejid^^ai <S»her r*e^^^^^&- .40' 
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aue txrdte sjWjtfcfcsis of «i^^\^|^aa^ of ^DftA^ 
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ii^edat afelife^^ 1 
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appropriate amphficadon conditions, there is little non- 1 
sfcexific production of dsBNA i«- -thfe- ^^fes^cioe' ..of the 
apjp^pmte #tget allele. 



The Spedn^ty. required to detect pathogens can be I 
tJ9ore^or ie^ than 1 ffa 



^5% 



off mote 0tsj^ 



Q4°C 



time (sec) 



tttoreor iess man tt^ c^niinuo^jrealrti^e moiuton^ofaf^Afiberoptk 

tfefepj^m T was used to carry exdta1ubn4igfot to a H2R % p rocess and also < 

the;amoant of other ©ftA &at tntfsW^ ti^keh wfeh the f elated i^l^ekto a>£ttoro^^ 




I 



1 H- 

I; 

; 'i-l 

fir 




swfco^iio* 



DNAr-up to microgram amounts— m urder to tiave suf j positive. If * sample falls, to have a fluorescence increase 
fierentn^ 1 after thi$ tt^^es/^ 

iter^ intfre&ses 1 fiVtHfea^ 
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ttadnqdcmaT antibodies to .iodl surface antigens Inirnim 




monocytes and scwe rnaoropHagesl Mei^rane- 

concentration of its sQtobliB ferni Js altened under 
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buniings ^id inflantriatijDns. 



J6t oftem m 

sdlubfe CD^14: in ^urW :^ery^ 



: 12^S deternlinaaons 
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2x1 ftcW 'incubation, 

detection limit: 1 tog/ml : 
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th^4- nuclease PCRassay detects the 
accumulation of specific PGR product 
by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
.. during 

dlcatei that*he probe has hybrid 
, t has 

olytlc actiWty of foi? DN A polymerase. 
Nlti thli ^tuily, proles with tile 

fttijafiipi^ ^iM* compared wiffc 
:jtef#*$ >^i«l the quencher dye a^ 
tached to the ? -end nucleotide. ir> ail 

* fh«?> J? «n<|* Aj) Intact pfobes 

_ leral, probes with 
_ye attached to ttfca& 
endjiucle^^ 

V:tt«^tt^e ^ : ^ assay than 

*B* Jnteriiall^ labeled probes. It fc 
proposed that the larger signal Is 
caused ^ Increased likelihood W 
cieay^ge by W I)NA polymerase 
***** tJife probe Is hybridized to a 
template strand during PCfL Probes 
with the quencher dye attached to 
the ^end nu^ 

an Increase In reporter flu rescence 
in^^l^ ^eh ^ 
plementary strand Thus, oligonucle- 
otides with reported and Quencher 
*^*" u «4'«MRIt^>tfe^snds , can - 




^hGrap§^neGus assay for detectfaig 
the ac^TOlatjo^bf spedfte f&R prod- 
,utt that uses * double-labeled tottoiioh 
gentefcro^wai? descpribeji% &eefr$L ( *> 

$$ic ae^y)ty of taq DMA pc*^ 

R^ire:^ 

s th^S^^r^d^ a 
•:T*0da^^; ; a^hea intertaiiy^;\Wbek 

its flubr^sgerft ei^ssion will be 
^uench^d .if the thodanxlne is close 
£hoi^ 

ces$ of nuc>re^nce ene^y transfer 

p6ij»e*i% #tt dieaVe the pisfce be* 
<ai*se ^tts inh%jQft 5* i-t S^^udeblyAe 
activity, if the Ravage occurs between 
Jhfe JNo^ese^ dyes, it 

causes an, in^^ 

& »® linger; |^n^ed\ ^ 
fluoribsceiti 0kore$ce.nce ^ intensify 
c^e^atm^ 

has been l^raited. finfe, JET between -a 
reporter §ye \m&* quej*cke* dye js 
Cal to petfoypanc^ of the pjrbbe in 
:fe^;^a^;^R-ass^ "■" ' 

Quenching is completely dependent 
m dte ph^t^i prjp^r^uy of the two 

" *"* ^ #feq«<^ be 




PGR assay, Fui*errno^ cleava^ ojl t^is 
t>^of pr^be is not t^u^ to 4c|i^ve 
$ome eduction in ^uelncbingv 
cj^ltides \ylth 

^■^^A^^f^^^ r m the 3^^nd 
e^fchfbit a mitch ^0|ei^jN^r^r Jhibies* 
^hce when doubk-sfranaed as com? 

ble4abeie(j ptcfoe for 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows: the nticleo^de i^u^n<ie ; 
of Ihe oligonudeotides used: in this 
W&t', Wfer arm tuie^Odfe 
phbsphoraft^di te r wis ^btauieiv &om 
Gi^*e5eardi. l^e staa4a^m #hos, 
ffibora^<Ute>> ^a^||fj|[^oreS^^^?^^^^ 

w ^eth)^ci^inine suc^ntofdyi^ ester 
0%mA NHS ester), and £hosphalik 
for attaching a ^f^bjbt]^ 
were 

plied Bitterns Kvision. bl^onurie- 



Bid^sl^nis); Punier and complement 
oi^riueie^tides w^re ^purlH^ using 
Ohio Purification C^u^ ifippmi 
^iosyste^)^ubfe^ 
§ynjthesl2ed with ^-FAM^bdH ptos* 
l^p^mioate 

on^ of theirs to &e s^u^ 
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FIGURE 1 Diagram of 5/ mitfease as^, rStepi^s^ xepr^ok^bn b( th^ 



► Sf -n^deplytte ac- 



mw Na^i^bonate ^trtfer (pH 9-0) at 

t^OV^^ 

tie* column. Fliiaaiy> the double^abejed 
probe was purified by preparative high* 
p^foima^Ce liquid dta^^ 
(KPl^ i^ing an Aquapore Cg 220*46- 
mm column with 7-|i,m partidje^ze. "Fhg 
column was developed with a 24-min 
linear gr^Bent 6^^2096 acetOf*itr$g la 
0.1 m I^AA. (trittii^aniine acetet^- 
Probes are Mined by designating 1$ie*eS 
qu^^ftoin and the position of 

;i&e ; MfeSp^ ntbfety. For ekainjjfe, 
probe W sequence Al witft LAN- 
TANBA att^ucl^tidepositfon 7 frbnithe 
S' Grid* 

PCR Systems 

All PCR amplifications were petformeid 
in foe£&^^ 

t^;96#fr^^ con- 
tained 10 ism tns^JCJ (pH $.3), "50 mrt 
KCI, ^|twdA1>P; 200 djGTJP> 200 
dGFP, 400 |tM dtft^ O S unit of ArgpEr- 

' ~- ilt&f AffipliTaq JRNA poly: 



se- 



gene toucfepiies' 2%0m$$:H: 
<ju^c#6f£i^^ w*s 
anipitiled usin^ piim^ APP and ARP 
(Table d wW^ are ^ 
iroitii^^ 

ptific^tt^ rea^m cbmain^ 4 iijM 
Mg^a, Ji) % of htta^ BNA, 
5b ni* Al w A3f>^ # OTd 300 ntf*acft 



pjimer; the ift^rnM j^gte 



TAfetE 1 



A 5l£bp*^^ 

ptasmid that coasts of ^^p^m ^ 
DNA (nucieotidfes 32)2^^^747) ' 
serted;in the Srn^I site^ ve^i$^fl§. 
fb^e iea^ons >c#nta$i%# .l^'i&tff 
^gp^, 1 ngof ptesmid DMA, 60 P£ Or 
P$ prdt^ 
nwr primer R1W 

was $(f€ (2 niLn),9S*C (XQmin), 25 cy- 
cles of95 6 € (20 sec), S^G 
holdat72*G. 



For each amplifi<^0^i^^ 

ailquk#a^ 

fadivlduaiwe^^ 

titer plate ^xkin?Eh!ia^Ji Rub1re$cteC6 
was measured on tte i^^nrEln^ ^^ 
Mm l&SdBr System; 

luminescence sp^om^ter. wltk flate 
reader assembly, a 4&54i*n exd^p^fiiv 
t*ft arid a 515-hm ^i^tpn iStoero Ea^!^ 
tfon ^vas. at 48S liliri using a S^iufe -slit 
width/ Emission was ^e^tirejd ^ at 5i$v 
run for 

•^nd 582 nm fpr^A&M (the ^ qjfieii^her or 
$ value) using ^i'" ' !|^Ki^^ j^i^lH^K^ to 
determine the incri^$e toreport^i emts^ 
sjott ttirt ca^^ 

pjrob^ during PCIt> three nOrA^iza^ons 

ace applied to the raw emission <&ta> 

Firs^missionint^^ 

is sitbtia^ed l0r eacfc wayeimg^i Sec- 



es 



Name 




Sequence . 


FI19 

; r^c 

, PS 

pse 


pflmex ' 

;ptbW; \ 
o^mpietoent 
ptt>b e ' \ 
d^knpiement 


to5CAm<^ir^ 
rrcAtGCrnxir^^ 


AKP, 
Al 

■ A1C 


jp#ier 
pi&i^r 
Pt0b# 

o^^plement 


Ait%^GGC^I^^ 


A3 
A3C 


^j^pldinettt 





<,:.$■?*.¥• direcUon.;Theie areS^Ke types $ <faattwfr^*<$^ 

^^^^^^^^^^^^^^^^^^^^ 



Mr? 

A1-1SI 
A1*22 



Probe 518nrn 

. ,; - ... no temp. • f feiTip, 



582 nm 

no temp. ... ■•' ♦•tenip. 



A1-2 ^5*2.1 3^7*1.9 38,2*3:0 

A1-7 53.5 ±4.3 $95(A*2W \Q$S±BX 

AM4 i^7i0±43 403,5*19.1 109.* ±5.3 

Al-19 487,5 ±17,9 422.7*7.7 70.3*7.4 

Ai^2 224.6±94 4^*436 100.0 ±4.0 

AI-^Gi 16&2±%9 4S4I1 ±.1B:4 93.1 ± 5,4 



j38.2^? 6 <^0i0JO1 0^*b;cte 0:19,* 006 

11G&*&3 .b.49i;0^ 3^#£# £09*0.18 

93 ; 1 ±6.3 1^6^(102 4,34*0*5 3,10*0,16 
■73jp'i&8- ' 2,67* 0.05 *0*fS> ' £.13* O^JB' 

9&2±£;6 J3t4S54H$i» 5.02*011 £77*042 

90.7 ±3.1? 172**,Q2 ,5.01*0.$ $29*0.08 



i^^^^mhs: ^ desdtffeed^n Mater^ : P^^i^)tf^p3W <^ht$r^ 

^itatedprohes were performed, andttieu^ 

Reported values sire Jfte^avei^e*! sb, feri^ temp) 
and ^ieaedfe^;r^^te tej*i$ate (*temp f ) 

teaetiori^ - c " 



qi^d£^^!|^ each 
reaction tiftfe* This normalizes for well- 
to-well variations to probe ebncentj&r 
tidn. and fluorescence measurements Fi- 
fciaUy, £K^is;' c^eulatea by ^btraetfng 
" tjfo 1^ value of th^^o-terTiplate control 
1*d^ ihfc vaftie fbAe fern- 
reaction iriduding terrjplate 

RESULTS 

A series of probes with increasing dis- 
tances tetweea the fluoreseeiri reporter 
ato^ltriad5K«tne <q[Uericher Werete^ted>t6 
: iirvestigate the minimum and nia^nauiri 
spacing that would vgive an acceptable 

say; "these probes Itybrlilie to a target 



science in the htimah ghetto gene;, 
$igur%^i?|^ 

tiie^ : ii^ vr&& ir> 

duded'te tMt amplified a serpent 
of the g*ac^ r ^ 

sequence Eer|odnance in ttee Sf. nu- 
clease $GR assay ■terti&^&&& 4 by tJte 
TOa^^iffe.;oI'iM^^^^ is * measure 
of the; in^t #se 1ft reporter Gubres^n^ 
caused Kpt arjipliaca^ori of the 
^obe tSa^fet Srdbe At-2toa ARQ. value 
that is close to zfe% iiidic|tin| *M the 
probe was 0k cleaved appreciably ;.^Uir- 
tile Ifpssug- 
$elts/thai ^0^^^<^s: cwfe^Ke 
iec^i^iQUcieopde t&n*^& i^%e*e 
is hisjaf ficierit ypom fox ^ly^^rase 

and <$j?^^ p wi^&& 



4e*ix#4^ 

phfication re&4u^ 

iii r^rtfer fitx^aiepc^ Jt ^o^M 

note^ 

produces a hsucfa la0e^ tacteaSe irv re- 
P9r^y flupi^c^ri^r 4^#e^i 
in Fi^e 2 (data not shown). %us; even 
iji reai^pns ^her^ airi|jiip<klion occurs, 
ffle^nia]prity ^i]^^:^ 
undeavjed; it is ^ tfils reason 

th^t thf fluores<^ric^ intensity df the 
<rtien<^ 

amgijyR<a|ibTi dfcidie^ 

al^iuitouss^^ 

readilig as a n0^i)^^<>^^ctoro x 

TFjhk ma^ilttt^e ^ 'i^r ;4^erjls> 
rnainly on the quendiing effiQ^^%- 
ftejceni in #e sjpe^iftii 
pr^^an^ 
oti$e^^f*^ 
c^te l^at r>rpbes 

probably hal/er^d^ 
as 0uipated vdui $&U^e d^e 
of quenching lis s^i£ftjt£ejrit to dl^edt ^ 
highly significarit increase iri rego^er 

is deaved during PGR. ' 

'•■p&S^&}M$t three : Ij^tdx^ 
pro^bes Wer^ letted ^^tfee 5' ouciease 

.,^^.fs^" ; f*. eaf^:^^;i?n.e probe has 
f AMRA attached to an internal nude- 
Otide and the other has TAMRA attached 
to the 3' end nucleotide, The results are 
#p>^ ^^Me 2. fern ill v^f^ ie^ fhte 
pr6%e-wlth the 3' quendier e^bits a 

Ipx ^e f^obe; yfl&i tf>:e M^mal 
quencher. The RQ~ values suggest that 
differences in quenchirig are not as great 
as i^itb spme df the^l 

ptpb^ these resiite4^onstrate that a 

nucleotide can quench effldentiy the 
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TABLE 2 Results of 5 • Nudease Assay Comparing jpp^ t^th Atta^ied 'm m^^^i'^i 3 Mtoninal ^ r^uideoti^e 



518 tm 
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no temp. 



^ temp. 
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\±4A 
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384^)^34:1 
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11^2*64 
^84J*:4.0 

1011*^4 
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115** 2.5 
- #4*33 
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0^*Oj04 
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dent for this type of nl^nu^eo^ to 
he^edas a prote in tiieS' nticlfeas^^CR 
assay. 

T4te$f&e,Jij?pO$^ 
tj^ ^3' depends to^fl^^Bi^ 

of the oli#hu^ 

m&s&fcd foir proles -iii the sirigife- 
$fran^g&^ 

ble 3: reports th6 fluaresc^nce observed 
at SlS a^d- Ste ^m fee t^hve degree 
of ftr^lilttg 1$ assessed by calouliating 
the fiQ ra^©: probes with TAMfiA 
6*10 nu#eoM^ 

islitufeoW R^valueswhen 
comparing single-stranded with double- 
straiirie*! oiigonucl^des; .the results 
ferjfrobes^^^ 4re 
tnti^ ^flier<ent For these probes, hy- 

sttand 

pr6pi6se thit this loss of ^uenchlag t -fc\ 
caused^ ^nicture of di6uble4 

strand ^ich : prevents the 5 ? 
arid Sp ends, from b^h^ In pioM'm^ty* 

end, there is a inar^ Mg^* effect on- 1 
^entih^. Figure 3 Shows a piojt p oh- 
isei$e& R<£ values? for the Al series of 
probes ^ a 

gon. With TA&tRA attached neatr the S' 
endCpt^Al^oiAI-?), %etU£vaiueat 
0 tmi^^ is ontyslig^^ 

at id bom ^g? % , I^r ^olfes Al>ct^ 
At^ and Al^ 

Mtf* are vesiy Jbtigh, Mdieattnig a much 



reduced ^uehching efficiei^ Foir each 
of th^se prdbei, ffie^fe a marked 

a gted^ deabi^ a^^lvfg 2 ^ cone^hr 
tfearil^i iricrfeaESres fef ^O'xriKC Probe A144 
sfco^Wi^^ 

Wg* vsiito a gradtiai detffri^a* Wgher 

Mg^ coh^efttra^n5.;to 

yirohmeht \vji]th no Mg?t present,^ $h> 
gle*tranded oti^nu^edtSte would bs 
e^tcted lo afdopt an' extehdejd conform 
mation because 6f eiecbrostattc rejmt 
sion th^biWtng of )y^* Ion* aids to 
shield the n^gau^e charge $f the f>hps~ 
phate 1>a^one*6 lhat ffiekol^onueiev 
Otide can; addpt confbif^&tions where 
the 3';end is dose to flse 5f end. lft$re- 
fore, the 0>§^ed,lvf^ 4 effects supporl 
the notion that ^j&nchln^ $t a ^ re- 
porter dye by TAw^at or near the 3' : 
end d^ends Oh ifee nexlbility of the oil- 
^dhucieottde. 

DISCUSSION 

Tlite :^dkkigSia^ ; Gi-i^if^ is that 
it s^nos the ^h^hiihe #tTppi 
placed at any |^tM; to £n ofi^hud^ 
otide, -can qtfefccb^e^^ 
si on of a fiutorfei^n (64*AM), placed at 
tjj^iS? ; end, » j^lies r&at a #)^e- 
itranded, doubMiah#ied oligpnuei^ 
oti^ 

$n& JfcsnpuJd1>e no^^^the ^^of 
in to ^t^d stat^ requiresac^ 
taih amount of tone: Therefore, what 



TABLE 5 Comparison; 0^^^ 
Double-stranded Buorogenic Probes 
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3933 
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578.64 


140125 
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3.21 
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mm 
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P2-27 


39.89 
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1^54 
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(ss) Sii^efstraride^ T&e flu 

Ali26,>l0d^^ arid|^24, l^^^^M#o^^ i0V2$ft, mltt^ 

:^^^#ses^^^^ 



coot ^^^^^g|^^^^p^P ^ 




matters -for que u 

di^tic* betvii%^i^ : - : dJ># : ^s^fer^^: 
tot^xa&e^l^^o^^^ • 

p^0^Vi&th^ 
^pligpnudep 

ThUSi we-prb^oit||^ 

•'IfcFAM^the;^^^ 

^oxi«n% ^:6#^|^Ni;^^^^Bi 

able to accept Energy transfer ifbin aii 

ex<^ 6.Rj*4 : "/^}^ 

Details of 
meats reniain^i^ ^|$$|np^ 
bit;3 shows thSihybM^ 
Ai^^S^,aun^^ 
nlentat^ strafno| not only ^u^>a la^e 
ih^ceasfe in 6^E^ ny!^^ 

b^also gs^^ 
TAM8A BuO^^ce g^t 3S82 nnx, if 
Tiy^fRAts b^inf ?x&e&kg 
fer Jrom quen<^^d 6-FA^f> tiim lp£s; of 
/quehchiig at^&kjbj^^ 
should cause a--aedfe^ 
ten^ee^^i^^3W|^^ 
tiie 'ftemt^i^.^ inV 
'^s^s&'^i^di^ is- 
ihOye cr0mplex:^ £or je*^ 
ecciotal ^dl^ee of the 

<>ligpjuude6ti^ ^mt^^f- 1 ; ^ ' ^ench^ 
tiate fiuores^nce oi i^K^fiS^f and 
TAMRA io fotM.-W^^M^, idouple- 
st^ded, bds$/^p^^^M^ tfcduce ttie 
ability o f fee t^es ^ 
maxy factor. causing iffite quenching of 
^E^vl in an in1to<* jpydb6 ^^^.^E^BRA 
o^> Evident for ih^ ft^j^i^ce ^of 
^MRA is ,itfa^- : ,^?i^-, |fi^ti^^ce^ 
tienl^iiis * riBlfd^^ lin^^gfel when 
prpl>^ ladled ^y 

in Qie nude^e 'jPOR «^ j^iata not 
showfcj. Se^ii^^d^0^ 
cence, bo&*d6$i#an^ 

theptpb^, 1*^:0 

Regardless of the phy$t^al mecha- 
nlsm, the teladve independence of posi- 
tion kiotd quenching greatly simplifies 
. the <y^ 

PPR assay. |[%0Fe are »malh tiactors 
|te^^fe^ ^^^ance of a 
doublerlabeled |Juotescehtj^obe in the 
iyS^itocJ^^]^^ is. 
ihfe degree^ot quenching observed in the 
ht^plM^^ 

:^O.ii^R r "|o- ••^iig|#liBc A -|^o^€i^ y ^tois* 

f *S^^lJol^@/£ 

^ ••"■^■^and quencher 



1 
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r 



p 5 




o 
cr 




^eluse4;^ 

-queftcjter 4yes t -^ijj^bae sequence 
context effect^ pt&entf df structure tit 
other factors that reduce tlexMlity of 
•ifce- ollgonrtd^^ arid purity of the 



vFiGtlRE3 &^izt$^*<&mmmttQn on AQiatto far tfe«- Al serjes of prob£s. The fluorescence 

W^jrtfil (pB 83), $0 tijM&<3, ^ Yar^n| am%tint| (0-ld sfcM^ m& cai<Mlate4 
•ottos ($& ittn^ fcreplotfea vs. Mjpi cOncerirxa^pn t«iM 

M&/Thekeyt^^ , 



le*s ctear^^ show the 

safne tend as Al> with the 3' TAIviRA 
probe ba^^ala^ than the top 

#mal TAJtfRA p^be jFor the P£ parr, 
&fetr^^e$ ha\£ about the same &QT 
varu^ ibr tl&#^ the 
3? prdbe Is less than £of the iritemally 
labeled prpbfi Another factor that $nay 
explain sorrk#iiie ^^o^i^^^tiori Is 
that f>a#y #ec*s the RQ~ vafcfc Ak 
though all proles jgere pu&fied* a 
small amount of coiorta?^ 
unquenched reporter can have a large ef- 
fect on RQf. 

Although tfcese may he a modest efc 

- feet ort degree -of ^eiicltog^ tte posi- 
tion of quencher apparently can 

,probe^e^^e v M^ too^t dt^stic ^fecj Is 
o&fcrved*^ 

cleotlde reduces tfci ^ 
« age, to almost ?ero. For the A3, V%, and PS 
prO^ 

I^AMf^ prob^ with the; to 

temalf ^^fRA probe* ffcis is explained 
most easii^ by* as$urhirig that probes 
M^TAl^iit - 
to tSsayM feet^eh reporter and 
ro^s^er 

';A|tSctted r;iri%%a1l5^ for the Al probe*, 
the cje^^fe dffidejricy of |jpbe; 
-valrea^ 



of hybridization, which depends oh 
probe T^, presence o^ *^hd&^ struct 
tare in probe or template, annealing 

tetrip^tur^ -^xi^^m^Q^m^ 
dons-Ther^ 

which t)NA polymerase cleaves the 
bound probe between tjtie reporter and 
^e|icfi^r> dbfres. This de^vfrge is depen- 
dent on sequence <^3papment^% ^ 
tween probe and template as showa by 
the observation that mismatches la the 



djfcs drastically reduce the 



the rise ft* R€T values for the A% /se- 
ries of probes seems to indicate th&t fhe 

Whit a$ the (^eri#er is placed toward 
the 3' en&The fewest apparertt^ueh^ 
ingis observed for p^fc A149 (see Rg; 
3) rafter than for fee probe where the 
l^f&te at the 3* erid (AT-26), This is \ 
understandably as the cortfonnatioh of 
ttie3 r end^ 

be less; restricted \tiira^.^»^b#ai^oaf 
of an internal position. In e|foct< a- 
quencher at the 3( exldis freer to adopt 



confonnations close to.the 5' reporter > 




trates the itt^ortar^of 

tue probed JW&k .£ ^ein^r 6fetB$ 'Si 

etutiri the 5* ifiu^ 

a^say;. a^ittfe^ 

porter ^UQtes<2en<:e is ^<m^&j$y 
when th^ £rb!fe^ isv$^ 
reporter and; queja^Kjelr 
tlji reporter and o^enc^ Jt^e? 
opposite er% p£ 6liiohucl^ll|e 
"probe, any ika^e^^t ^c^^ 
detected. yW&n ti^ v ^enc|ier is attached 
to arvih^^ai^^ 

not so ^|t #^. Irjfe rela^e)^ |^ 
perform^ce of #ro:^ iO^jr^^ 
means the probe fe^%^le^^ 
Ute qti^ri^ier rather rfi^^li^ 
reporter aftd queftc^er Iffi&fer^ the 
best chance of hayi^gr i^MM^ i^ 
ably deists sw^mrulatlori olPGR^fpd> 
jict in the S J nudease PCR assay is to u^e 
a probe wlti ^ 
dyes on opposite ends, 
' • ' mcir^^fe :^^^r>^.e;o^^. $f ' 
end may at^^prMde be^lfft to 

teincis of h^ridiza]|o& ^^etifej^ ffee 
pre^^^i^ii^ 
ittte#al ripGie^ 

disrupt ^bag^fK^ij^^ ^^^3^, 
df a probe, to Mfc a ^<$-#C redujSdoi 
in teas be^ otfter^ J&r mbjirpbe^ 
witKltoter^ 

disruptive efteet woi^dw 
. placl^g^equjbi^ 



tike^o^btaa^ 
ageandrrybtt 
^at^^^es?^^3^G^^ 
WiH be more tolerant of trflsmatches be- 
tween probe and target as compared 
Wih interna)^ febejed iptobes, Thisrt$it 
erance of mismatches can be advaa^i- 
geous, as \Sfhen trying Mt6 use -a Srigle 
ptobe to ^e^ |N3M^a|W 
xrdm ^mpt^didifr^^ 
means tjiit e^atage^o^ ^ 
is less ^mitive ^ ^fi^fc^'-'fif' 
ne^g |eir^ dr rea^h 

cdriditidn^; Tl^e ^esa^plij^^n^e^' 
5 tolerance 

vantage is for allelic diSctpc^a^ 
e^al: 0) de^m6ristra 

pi&>e$ were ci^^ Sp^^ ! r^pd|jt|r 

a^di^Me^c^e^^ 

per&^,<^^ 
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t%5'£^ SQthai&fty 
mismatches were 1>etweeti the reporter , 
^encher,. frtcreasing the distance ; 
between reporter and quencher WpyW 
lessen ifce disruptive e#ect off rnfc* 
matches and allow cleavage of thepr&$>e 
on the i$<^ probes 

useifaf for allelic 

dis<^inatlon, 

in this study tess of quen<4i^iiFK^t 
hybridization was used: to shd*f tftat 
quenching by i3' TAMRA is dependent 
on the flexibility of a single-stranded pli- 
g<^nudeotide. The increase in reporter , 
fluoresceriC« intensity, though/ could 



bridization has oemrred or rtdt ^us> 
ou^onurjleottdes jwith re(H>£ter W$ 
quetic^r dyes attached at opposite ends 
should also" useful # ^g^d|^teKr* ; 
ptoses, the ability to det^ toj^ridiza- 



could br used to measure hybridisation 
kinetics. Also, this type ofprd^ : 
usetfto develop homogeneous hybiicf 
Nation a^^s fotdiagrioities or other aj>* 

tft& of ^ornpgeneous a>|ay whefe 
^rr^r|(^t^ 6f a probe caii^es m M- 

However, they uu^^ 



Jir^ hUdep^de^ to both ^eridsybl t&e 
prot>e sequence to form two tope'rfeEtV 
■Jii$r^ pr^eht^ #e|e ; 

demonstrate that the simple addition bt 



^eottdeana^ quencher dyetothe other 
*hrl gelEterafes a ftudrogeruc probe ij&t 
Wde^lr^rldJ^oh 61 " 
catlpriw 
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We have developed a note! ^ jpR i^|rf^%e method ijt^sj^r^ *^ZR >pr0diii^t 

aoaimulation through ^ duaWajteled fluorogehlc probe {te, TatqMan Proite)- This method provides i&y 

does not inquire pc>$t4&i atcd 
reajldng In ftnsch fester and hlgfcei! throughput assa^ the i^ftlrrje PGR mediod has r*?ry l^ tfyiiartfe 

-ttf starttefe target 4#eMtotI<Mi (at tefet Ryfefordj^s of*nag§tu^ 

PCR Is extremely accurate and less iaboMntenslve than current quantitative PC» methods. 



Quantitative nucleic acid sequenoe analysis has 
had ^ta^TOnt role to ntatiy ^Ids>oJ ^iote^ 
eal research. -Mga&urement of f& m expression 
OU^A); ha^besi^ t^ 

:.^|?.^ila^g; et ~& i995a;b; Pr^^orrii^ f^afc 

#9S); ^uarititjatiVe gfifte an^^ts^{(3^Aj ^Sjtias • - ^ 

been used to determine^ 

particular gene, aslttthec^ 

gfcne, which is amplified in ~3#& of bteast Ifcu-; 

rriorv (Slamon et at i$B7). Gene and vgeri^me 

quantitation (DI^A^nd^ 

for ^nMysis of hu man i^mMn^8eier)^ *rtim- 

(HIV) burden demonstrating c^rtg^ fe the ^ev- 

^isoif vims throughoutthe^ 

diiease (Cortndr et at 1993; Piatak jet at 19$3b; 

Furfado M at 1995). 

Many indtoods have been desdibed for the 
quantitative analysis , of nucleic sequent 
>^hoth for jttfA arid BNA; Sou*hdn 19>7S^$h^et 
al. 198Q; Thomas 1980); ftecerrtiy, PGR has 
proven to be a powerful tool for quantitative 
nucleic add analysis. PGR and reverse transcrip- 
tase (RT)-PGR have permitted the analyst of 
minimal starting quantities of nucleic acid ^as 
tittle as one ^11 equivalent}^ this has made pos^ 
sibfe many experim been: 
performed with traditional methbdi. AUhOugh 
PG& has provided a powerful toot It is imperative 
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■tteat It be ^ 

markers :1^5)--'M?^ t&lyJtyfam <iii^tmw 
tive PGR and lO^PGR described quantitation of 
the P<5$l product Wit did not measure the initial 

thje quant^tiott of th&inittail 
''''titjjjft s^^eho*i (Fer*e 1992; Glfemeh#^t at 

,i#3i? : '- /" • . • "' "\ - "'■ 

R£$£fcteh^ 
of qua&titat^ 

rn^asures PCjftvi^rodUjQt quantity \n : tiiS log jpf^ase 
Of the reaction before the plateau (Kell%g :=et at 

that ea^h sample has equal input amounts of 
nufteit addend that: each sample under analysis 
amplifies with identical efficiency up to the point 
of iqU^hU^atiye analysis. A gene sequence {con- 
tained in ail samples atxelatiyely constat)* quan- 
tifle^ sucji as P-actin) caw be used for saMj?le 
aiiipKfi^atiior^ efficiency n oimaliza tionv Osing 
^onv^Widnal rnethods , of PGR de t ec Ho h and 
gu^antftation (gel eledtophpresis or platfe c%tur e 
hylbridizatioh), it is extremely laborious to assure 
that all samples are #naiy2^ during theiog phase 
of the reaction (fori^tii Ihe target gen# <md the 
normali^ 

tiye eocr%e^ d^loped 
and is Msed ydddy for PGR quantitation. ^-PCR 
relies on th0 incjusipn of an internal cdrrtroi 
competitor in ea<^ ^ 

l>^^^t 1^^)^ re- 
^actioh-ls normaiiaed ^0-the ir^ejri^ ^ 
A fenc>Wn amount of int^rnatcomp^rto^ 



added 10 each sample. To obtain- relative quani 
taf$n, thermimqwrr ^^i<mpi&S^£tota. 
pared with the kfiowA eomf>etRoir #m pcodftct. 
Success of a quantitative cbinpe.tiSve ^ assay 
^W©h4e^pingmin^^ 
plifles v^th % same efficiency as mtf^t^qU 
«N^ll#f6s%i at ^^jeo^f^dtoEafiitt^^aH. 
^JoH o^^ampUficattOft ^tfenelesiequh* a 
dedl<31^ etfort. How^^ 
apt require tfcafPCR produetsije ahal^duhhg 
the tog; phase pfthe amfi«fiicaOon;lt is<he eaier 
of the two methods to use 

Several detection systems are used ifoY quan- 
tftativfi PGR arid *T-*GR analysis: (1) agarose 
gels, (2) fluorescent labeling of PCR products aiid 
detection w*ft laser-indutSd fluorescence using 
$|P*& eleetfophOresis #a|fcO et WlJ!9S;^fi- 
iiams «t ai J^) oracrytenude g?Js< a nd£) plate 
C^i^^^nd^ipJJbfchyliria^ 
deretal. 1994). Although these methods, proved 
successful, each method requires^st-PC^ma- 
nlpuiatiohs that add time to the analysis and 
may lead to laboratory coMamination. The 
sample throughput of these metboas is limited 
{with, the exception of .-the; plate; 'o&fcMe^jr 
pfo$ch), and, therefore/ these metf^di^re riot 
#611 suited for uses 'ife^jif^ii^.^^^' 
throughput (i,e , screening of large numbers of 
biomolecules Of analyzing sample* ) or diagnos- 
tics or dinieal trials). 

Here we report the development of a novel 
assay for quantitative DNA analysis. The assay is 
based oii the use of the nuclease assay first 
descrihed by Holland et al, (1991): The method 

cleave a nonextendible hybridization probe dur- • 
mg the extension phase of PGR. The approach 
uses dualrlabeled fluorogenic hybrtfetfon 
probes (tee et al 199S; Bassler et al 199^) ttvak 
et al. 1995a,b). One fluorescent dye serves as a 
reporter [FAM (i.e., 6-carboxyfluoresceln)} and its 
emission spectra is ouenched by the secohd fi'ub- 
rescentdye„TAMRA (i.e., 6-carboxy,tetramethyl- 
rhodamineKThe nuclease degradation of the hy- 
bridization probe releases the quenching Of the 
FAM fluorescent emission, resulting in an in* 
crease in peak fluorescent emission at SIS nm 
The use of a sequence detector (ABi Prism) allows 
measurement of fluorescent spectrav0f4H 96: W ells 
Of the thermal cycler continuously during tne 
PCS amplification. Therefore, f he reactions are 
monitored In real time, -$he output data is de- 
scribed and quantitative analysis Of inpiit target 
BNA sequences Is discussed below. 



'RESULTS 



■fC$ *r^u« t^te<«bft ift Real ^ine 



genedelivery: Api^d^r^dmgbto^^, r 
VBl gewe^epce, pF^^"lM*#Dt% 
used as^ mo^el>iT}er4p€Sit)c gene. The assay (pes 
. Huqrestehf f&qmaft methodolO# ahdan initru- 
9f tt&asbrthg: JHuor^eiilee m tell 
time (ABJ Prism ftbo Sequence Detector). Tfce 
Taqmah reaction requires a hybndjzatiori probe 
labeled with ttyp dj(fefeht flubresW dyes One 
dyel^p^rter d^ef 

ingdye(TAMRA). ^eri^i*0§e t^ft^^ 
■jes^m energy transfer occurs Wd the: reporter 
dye fluorescent emission is ambt^im^e 
quenchittgdye ^AMRA), During the extension 
pa*, b|. thepid» eyKe, the fluorescent hybrid- 
ization probe is cleaved by the S«^3' nueJeolyac 
activity of the DNA polymerase. Oh cleavage of 
the probe, the reporter dye emission is no longer 
transferred f^ehtt^ to,^e ^uj^chlj^^ w . 
sult|ng^ 

cent emission spectra. PCR primers and probes 
were designed for the human factor Vfll se- 
quence and human; p-actiri gene (a^ described in 
M^%^.'i0^^t^O9^i^tl^'f^ii« per- 
formed, to choose the appropriate probe and 
magnesium concentrations yielding the highest 
intensity of reporter- fluorescent signal without 
sacrificing specificity. The instrument uses a 
chargercoupled device (i.e,, CCD camera) for 
rneasunng the fluorescent emission spectra from 
500 to 650 nm Each PGR tube was monitored 
sequentially for 25 msec with continuous moftl- 
tonng throughout the ampHfleatfon. fech tube 
was reexamined every S.S sec. Computer soft- 
ware was designed to examine the fluorescent in- 
tensity of both .the reporter dye (FAM) and 
the quenching dye (TAMRA). The fluorescent 
intensity of the quenching dye. TAMRA, changes 
very little over the course of the PCR amplify 
cation (data not shown), therefore, the intensity 
of TAMRA dye emission serves as an internal 
standard with which to normalize the reporter 
dye (FAM) emissfort variations. Thesoftware cal- 
culates a value termed ^fe for AROJ; usirrg the 
following equation: Attn = (Rn*) - (Rn -4 where 
Rn * emission intensity of reporter/emission in- 
tensity of -quenchet at any;given timelo «4eac- 
tiqn tube, and Rn" = emission ihfemitity of re- 
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prior 0 I^CK ai^pUfjcation ft* that s&rri£ r^tlSr) 
tube for the purpose of quamitatron, th^ last 
thre* #ata ptnrits (A£r#) collected faring t% eX- 
tc^stpa $tep; for each PGR cycle ««rf aftal^ed. 



pXoWe^ duntf g *he ekt6tisicm ^ ifeR, 

creases dui^g-thfr tirfte. The ttaee -.diata: ^pK^fets, 
iyere averigeii for each PGR^ . 
vfttite lor eadi ^yas plotted in an "a mpttfication 
plot -$hown m^igure iA. The ARn rae#n yakie is 
plotted on the y«axts, and time, represented by 
r^enuii^ 

early cycles Of the PCfc attipllfetiOn, the &Rh 



^uer^mMi^ 

&idizat^ 

r^iyi]r^ 

arripllftttt^ 



^min^ eafrfy in ifc&t*m&& at a. pdjint fit^t 

, ti^ *W% is J^oe fey assigning anu^ 
ititeshoid that is ba$£d on the Vatiah%^ of trie 
bas^lmeda^ 

at 10 stiSaS^ deviations above the toeah <tf 
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Figure 1 PCR product detection in real ^tntQ. (A) The Model 



is/* 


. *. ' 


« 




1.2 : 




■ • 














Threshold 






04 * 








o.i 

6 4 




■" • T"™ 





50 




: 2 -t 0 1 
log (ng input genomic ONA) 



frQjrrvthe exteosion phase ffa^^ 
viatlon is determined from tfei& 

ea'Culated by determining tfoe jpoirit at ^ich flvje fluorescence exceeds a ihreshold tirntt (Usually TO Wes#ie 
Standard dpvlarion of th^base:Jtne^ ^ r 
DN A sample* arn(->tffi^ 

points represent rb e rrieart of triplicate PGR ^ 3nd error bars .are showft ^bot not dwaysvjslbfefc 




fib point , As win fee dejj^**^^ valife 
is predictive bf^he ^rittty «f tttput &5t 

£f ^uamit^ve Measurement of 



metttsovera very- taige rawge ^rt^ st^,ftt 



f htl B 5 ^ WS am P Iifi «tion plots of IS differ. 

? 1:2 *rial dilunon of 
™* mD genofnic CNA. The amplified target was 

fhefight (to Jifi^ier thf&SioidcyelesJ as theihout 
target quality is reduced. This is expected he- 
c^^oiK^fe^er starting cppies^fihe 

degrade enough probe fo attaiir the <nfeshold 

.determine fh^Cr vaiues. Figure 1G represents the 
Qt^OmMt^ versus the sarhpie dilution 

PCR amplications and plotted as mean values 
wrthe^^represemi^ 
tion- ITie Gr values decrease lineady with increas- 
ing targetquantify. Thus, Cr values can be used 
as? quantitative measurement of the input target 
2& ; t Sh r ,d be n ^ed thaf the amplifica- 
tionjpiot for the 15.6-ng sample snown in Figure 
IB does not reflect the same fluorescent rate of 
^P^ mm^by m<mv f m other samples. 
The lS.6,ng sample also achieves endpdint pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This phenom- 
enon has been observed Occasionally with other 
samples (data not shown) and m«y be attrtbut- 
ab k to late cycle inhibition; this hypothesis is 

that tht flattened slope and early plateau do not 
impact significantly »He calculated G T value as 

figure IC All triplicate amplifications resulted in 
very similar Q- values-the standard deviation 
did not exceed O S for any dilution. This experi- 
ment contains a >100.0<XMold range ofinput tar- 
get molecules. Using C, values for quantitation 
permits a much larger assay range than directly 
using total -fluorescent emission intemtty for 
quantitation. The linear range of , fluorescent in- 
tensity measurement of the ABl Prism 7700: 
quence Detector only spans, three logs, resulting 

ecules. Thus, Cr values provide accurate measure. 



Sample Preparation Validation 

P^me^ers^lTiJfertce the : feffidericy of 
^-.amplification: magnesiutp a hdJ^Kf»n«eh. 

. perature); PGR „ target s«e'and pon^S 
primer sequences, and sample putity kll df-the 
above factors are common tp a single PCR aSsay 
Sr2 W«m In in effSTo 

^WeW of 10 replicate sample 
^ Wared froto the 

TtSf^^^* mmed in 
SS SpT^*^ - *^ each trip- 
^ 7^¥' ^ rtWenal variaiioa based ©ri 
standard deviation and coeftlcfeht of variance 
Cijble 1) Therefore, each of the triplicate PGR 
amphtfcations was fel^njpHiti^< dWtbn- 

quantitative PCR analysts. Comparison of the 
mean Gr values of the .10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
«qg that each sainple preparation yielded similar 
results for ^actlh gene quantity. The highest Cx 
difference between any of the samples was 0 8S 

tively.. Additionally, the ampjifieation of e£t 
sample exhibited an equivalent rate of fluores- 
cent emission 'intensity change per amount, of 
PNa target analyzed as indicated Iby similar 
slopes derived from the sample dilutions (Fig 2} 

^TfPftr^*^** PGR inhibi- 
tor would exhibit a greater measured fibrin C* 
yatue for a given quantity of ONA. In addition! . 
the inhibitor would be diluted along with the 
sample in the dilution analysis (Fig. 2), altering 

^!.ficat,on yielded* similar result inthe analysis 

ration, is highly reproducible with regard to 
sample purity. 

Quantitative Analysis ofaPlasmid After 
Transient Transfettibn 

29.3 celis were transiently trtnsfected with a vec- 
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tor containing a partial cDNA for human factor 
VHI, pF8TM. A series of transfectipiis was set 
up using a decreasing amount of t b e plasnt id (40, 
4> 0.5; and 0.1 fig). Twenty-four hours post- 
tfansfectipn, total DMA wis purified tern each 
flask of cells. p-Actin gene quantity was chosen as 
a value for normaliza tion pf genomic Drift con- 
centration from each sample- In this experiment, 
p-actin gene content should remain constant 
relative to total genomic DNA ; Bgure 3 shows the 
result of the p-actin BNA measujernent (i^ ng 
total DNA determined by ultraviolet spectros- 
copy) oreach sample. Each sample v^as analysed 
in triplicate and the mean Mctin : Cr'. valines of 
the; t^piic^tes were plotted 
one standard deviation). tfjEe highest ^tfeei^ce 



between any two sample means Was Ten 
nanograms of to tal<DN A of each sample were also 
examined for p-actin. The results again showed 
that wty similar amounts of genomic DN A.were 
present; the maximum mean p-actin C T value 
difference; wa^ i.0. As Figure 3 shotys, the rate of 
ft-actm Op change :bfctvteeo the LOO- and 10-^ig 
samples y**$ similar (slope value? range between 
- 3^6 and - ^4$): f Ws verifies .again that the 
method of sample preparation yields samples of 
identieai; ^ integrity (U v no sarnie cprnained 
an excessive arrjibunt of . a PGR irthihitot). How- 
ever, the$e results indicate^ 
tarried slight diffetfnees in the actual amount Of 
genomic D^A analyzed Oeterrrtination of actual 
genomic *Dt*K cpneentration -W^-a^iii^h^dc 
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41 



15 VIJB 1.7 n% . 15 

S W e P?SPara«oo purity: Th*feplicate 

228? mmm 

~bff imtikm me^^Mn Cr value obtained 
for, each lOfrhg satajsle on a p-dctin Standacd 
(shown in Fig. 4Q.: The actual genomic 
©NA^ncenffation of eacb sample, «, was ob- 
tained by extrapolation to the *axis. •'<•• 
Figure 4A ; shows - the measured (i.e., noh- 
rot : r^cesr ^pjasmid 
pNA^F8TW)ffom,eaehofthe^our 
transfections. Each reaction contained 100 ng of 
total sample ONA (as detetrrtmed by UV spectros- 
copy), Ea«h sample. was analyzed in triplicate 



r-».7?..a.sa,fu l 

SS€xft. 1 




tog (ng input DNA) 
W 9 U «** A «>lysis of trarisfected cell DNA quantity 
2?f*5F» The f>NA preparations of ^tHe foiir 293 
ceil transfections (40, 4. 0.S, and 01 „g ofpFSTM) 
were analyzed fOMhe p-actih .gene. 300 and \&m 
(determined by ultraviolet spectroscopy) of each 
sample werr amplified in triplicate. For each 
^^Upm^m^ y^imsf6<^ thepractir. 
C T values are plotted versus tr^ total ^input DNA 
concentration. 



PGR a mpltf tea tioo^ As shown, pFgPif pjirffied 
horn the 2?3 ccifc decreases f^eanfer vaiuetin* 
cttwrii with dosing amsayhts of $ashi« 
trahsfected The mean Zii^j&dBj&JS 




Ctfeve comiprrseii Of setlally dilutextpt-WM 

termined by extrapolation to the *axis oHhe 
standard curve in Figure 46 %ese tmgoflected 
values, b. fdr.pF8TM were normalte^l to deter- 
mine the actual amount of pFSTM fojiind^per ipO 
ng Ofgenomic DNA by uslftg the equation^ 



■ m actual ppTM copies £e 



100 ng otgenomibl^ 



where factual genomic ONA in a sample and 
» = pFSTM oodles froih the standaid curVe* The 
normal^ quantity of pF8T#p«r 100 neof *e- 
noraif Xmk for each of the to* jkairirfS&&- 
shdwft in figure 4$. ;1*hese ^lesults^how thai the 
V* n £7 of fact0r ^ill plasmid associated with 
the 293. cells; 24 hr aaer transfection. decreases 
. With decreasing plasmid concentration used in 
the Infection; The quantity of pFSTW associ- 
ated with 293,cells, after:trahsfectiOrt with 
of plasmid, was 3S pg per lOO ng genomic DNA; 
This results in -520 plasmid COpWpj^VeB ; . \ 

DISCUgStON 

We have described a new method for quantitat- 
'"8 g* ne C <W hUtT,befS "^g. feaWtime analysis 
of.pCR ampHficatipns. Reai.time PGR is compat- 
ible With either of the two PCR (RT-PCR) ap- 
proaches: (%) quantitative: competitive where an 
internal competitor for each target sequence is 
used for. normalization (data not shown) Or (2) 
quantitativecomparative PCR using a normal^ 
. tion gene contai rted within the sample (i.e, ( p-ac- 
-ttn) or a "housekeeping" gene for RT-PCR. if 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification efficiency 
before quantitative analysis is identical for each 

sample, the internal controlXnormalizatjon gene 
or Competitor) should give equal signals for ail 
samples. 

The real-time PCR method offeb several ad- 
vantages oyer the other two methods Currently 
employed (see the introduction). First/ the real- 
time PCR method is performed in a ctosed-tiioe 
system and.requires no- pos^PGR tmhlpufotfcm 
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(0) The amount ^tST^P^ent per 1 00 n# Of genftmfc RNA. 



; :.oN^p$^^ ... 

amplified products can be a naly^^M^MP^^ 

xH\^ m^ snQpom the use-^ft^^lMtion 
■M ^Bm &^^ for q^^mMve PC&or HoCSe^ 
^^l^ll^e^^r qu^ttitatiye RTrPGR toittrols. 

Wi^e irtput target range) to be analyzed simulU^ 
M0U$1^ ^thbtft concern of jreactiirtg reaction ^ 
pfc^ir at dilfofcnt ccyetesu .this wil I jmafe 

cause Individual internal tornpetitots^will txpi be/ 
ne^ffed fox ea£h getie under analysis, third; 

wrth the new method because there fe.no post- 
PClt pro^siftg time Additionally; .working in a 
96^11 format is highly compat%Le v With auto- 
mation t^ ' ' \ ' ' V . 

lfoe^:re*k^^ 
dUKtible. -fe^fi^t^ aniplttifeati&r>s can bfeanalyfed 



for $>cfc s^ple- tnintkian^ 
system allows for a very ftijrjjfe <ty#$mic 
vtin^e iapprbaeh^ig i,^Q«Kifoj;d s;tartto|; tar, 
"fccf^ Oi -it** 



mitygdf for any u#kr#^ sample. Plu^es^iiit 
tW^ol* *aW*s> . CJ* fcorrielat « Urt^arly . ^iffi*e>- 
trve i?MA' 4$$y ria^ibert Real time quaniitatilye 
f^PCft fnetkodoib# C6*S0f el W# ts£ae> 
lias a^ teal umefluan^ 

^itati^e mejftodpl^gy Icaa be used to develop 

applica^on^ t^antitatjye gene expression Jftt- 
^ene : copy ass^yi ^e^, : H IV; etc^ ^enO^ 
typing (knockout mouse analysis); ajri4 iinmuno- 



/ Reaj;^^ ^ejtfotmed u^ltg 

i^eT^tinjg: dye^ (Hi^cili $t Sucft 
i&thidium b|0;mide. The fluorQgenit probe 
M^4od :6'ffers a ^aj£j>^ 
gating d^s^reaJ^ sj^cificit^ fuev* #ii$ti$? 




'. - v.. 



£rammed on a1 



*>an et ai, 1990). A factor Vin pm&m**l^tik 
f^^^^^^Ww^a* ^» H§t kit 



Sfr?wn b&a*h Th* arnpiicon was r^fflilia^ 



of ?^3ceills 




mouthy WN), 1^ i*M£ian ^^^j^^^^^ij^, 



Amputation reasons contained a ONA 

rfCTTVartd 4QD w^fjTZM m^MgG!^ 1.25 ^nlt*Ampfc 
Tfl ? DN * polymerase.: 0,5 unit^^f^u^cii jh/-g)y; 
cdsyla^(^G)/sa|ifno!e;of each factor Vil^fe^r, ajrid 
pmole of each ^actin pnmer ^ 
cm of me blowing ^deiect^ 
*ftP^*1^W^ 

XffAM^^p^dCAtGCCA^qp^^ where piridicites 
phosphoryjaiion and & iWfcate* a Ifcticaj ^ arm^nucle^e. 
Reactiprt tjibes WwMfcroAm^^ 
IMWfeft; Perkiri Qme*) iha* w*re Ironed {at ferkin 
^fmer) to prevent light from refletttrtg Tqb^ raps were 

v^tligHtKatterihg.AH^ 
P"¥ ^ 

th^faddr ym primers, ;\yhfcfe Ve*e. syrrthe^eg^a^ 
it&ii Inc. (South Sari Francisco, fc^ Ttofe^e dbSrted 
M>|itg the Qligo 4^: : 50ftw^; Mb 
gested In the Model 7 700 Sequertee Beteetor mstrumem 
manual. Briefly, prdr^ T^ w should Be at leasr ^C higher 
man the annealing: temperature ^M--^ftS^«f 
<m& ^rln>ers;shOuid notion* sja&je aur>iexe5^ir^the 
• .probe,;- v 

ffCandiO.mi^ 

40 W <ic$ pf ? 5X for 0*^^4^/01: aaiVi ^ir 



wait 



^Ueeflbn^analyjissoltw 



iiijetjcy and irah*fe&*ri ttl&rfc /^ii^ ^-^^ ^ ^ 




fltflill»MiflMa»faitf^ 



The fl4,k$ w^e iticulnt^ <* l#e*«d S%-«0£-for 24 hr 
,wa*h«J nftH PSS. ^nd reopen** PBsT^e W 

f !^ «l in R*e ftr^ni^ sit ( Q la _ en 

Gr^^^rou^ebr; a^utanee 

■;-'v |K^^ l ^^ os ^¥ ^ M were defrayed In 
part P^yn^t^a^d,^. tr\is article must there- 

: M* l ** y SC s^Uon ) 7^soleiy to«m<|icate this tad. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas:, Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial ceil line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISPS , these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressive promoter, and (ft) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24J-8q24.3; WISP-1 genomic DMA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (1- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels otWISP expression in colon 
cancer may play a role in colon tumorigenesis. . 

Wnt-1 is a member of an expanding family of cysteine-rich, 
/glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation* 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3; 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning' Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsn) to the cell membrane (1, 2, 6), Dsn then inhibits the 
kinase activity of the normally constituuvely active glycogen 
synthase kinase-30 (GSK-30) resulting, in an increase in 
P-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous, polyposis* coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
£-catenin levels (?), APC is phosphorylated by GSK-30, binds 
to 0-catenin, and facilitates its degradation. Mutations in 
either APC or £rcatenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized; Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3: gene, Ah/S, a member of 
the transforming growth factor (TGF)-0 sur^rfaniily, and the 
homeobpx genes, engrailed, goosecoid* twin 0^twn) y mdsiamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10)* 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type^ we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells, and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Oyer> 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated: 
and rcfraetile cells that lose contact inhibition and form a 
muItOayered array (12, 13); We reasoned, that genes differ n- 
tiaily. expressed between these two cell lines might contribute 
to tie transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WlSP-1 
and WISP-2, and a third related gene, WISP-3. The WISP g nes 
are members of the CCN family of growth' factors, Which 
includes connective tissue jgrowth factor (CTGF), Cyrdl, and 
nov, a family not previously linked to Wnt signaling. . 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor;. SSH, suppression subtractive hybridization; 
• VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777i 
AF100778, AF100779, AF100780, and AF10Q781); 
tTo whom reprint requests should be addressed, e-mail: diane@'gene. 
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cDNA was synthesized from 2 u.g of poiy(A) 4 ' RNA isolated 
from the C57MG/Wnt-i cell line and driver cDNA from 2 jig - 
of poly(A) + RNA from the parent C57MG cells, the sub-; 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-1 were isolated by screening a AgtlQ mouse 
embryo cDNA library (CLONTECH) with a 7&bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP*2 were isolated by . 
screening a C57MG/Wnt-1 or human fetal lurig cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDN A was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 30Q jiM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles, 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization, 33 P^labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to .nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics; Huntsville, AL) and human and 
hamster control DNAs were PCR-ampiified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CCM (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
XI AT). DNA concentration was determined by using Hoechst 
dye 33258 intercalation fluorimetry, Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsQ cushions or prepared by using RNAzoL 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WJSPs and c-myc in 
the cell lines,, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<A«) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The iWSP-specific signal was 
normalized to that of the glyceraidehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducibie genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11); Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP^l and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. I A and B). Wnt-4* unlike Wnt-1, does not induce 
the morphological transformation of G57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 was 
up-reguiated approximately 3-fold in the C57MG/ Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction; C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP inductions correlated with Wnfcl expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Writ-1 
signaling. 

cDNA clones of human WISP-f were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ~4Q,000 (M r 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked giycosylation sites 
and are 84% identical (Fig. 24). 

. Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 133 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative -molec* 
ular masses of «• 27,000 (M t 27 K) (Fig. IE). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycqsylation sites, and mouse WISP-2 has one at 
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Fig. 1. WISP-1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (4) and 
W1SP4 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A)+ RNA (2 jig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP-l-spedRc probe 
(amino acids 278-300) or a 190-bp WISP-2-speafic probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fro. 2. . Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A ) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein {1GF-BP), 
VWC, thrombospondin (TSP), and C-terminat (CT) domains are 
underlined.. . . 

position 197! W1SP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISPS. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
W1SP-3 cDNA of 1371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-Iinked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 34). 

WISPs Are Homologous to the CTGF FamOy of Proteins. 
Human WISP-1 \ WISP-2, and WISP-3 are novel sequences; ... 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elm! is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion* 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence,, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the ceil surface and extracellular matrix. 

WISP proteins exhibit the jnodular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N- terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC^ 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino add sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
* residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of . 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP+2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recendy has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the 1GF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, iand 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A. and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved , in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminai (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
'(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindlershaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A,C t E, and G) Representative hematoxyUn/ecKin-stained . 
images from breast tumors in Wnt-1 transgen ic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown infl and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B) t 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (G and D), and tumor cells are negative. 
Focal expression of WJSP-I, however, was observed in tumor ceils in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor, stroma. At ^higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and //). 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 k approximat ly 
* 3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score .16.31] on chromosome 8q24.1 to 8q243, in the 
same region as the human locus of the riovH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is.linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211z 5 
(lod = 1,000). WlSP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27,29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so; 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. -Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the C-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene, copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
fox. WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number, for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the Copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0,001). 

; The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 .fig) 
digested with EcoRl (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-20)0). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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FlG. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (X6/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast* in 79% (15/1?) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar \o WISP-1 , WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fio. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR.. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and ^ 
malignant cells have been used to clone differentially ex- 
pressed genes (31)* We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes, isolated, WISP-1 y WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cy r61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with. a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyhne-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not No WISP RNA expres- 
sion was detected hi mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-catenin-TCT-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells/hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn ' 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization.. Growth factors, such as TGF-ft platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin o^fe serves as 
an adhesion receptor for Cyrol (33)* 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-01, which is the stimulus for 
stromal proliferation (34). TGF-01 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply W1SP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix: have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-i 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model 

An analysis of WISP-I gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RN A was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, '.' 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient The gene for human 
WISP-2 was localized to chromosome 2Gql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-I, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RN A expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and 0-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which presumably contributes, to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development 
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methods. Peptides AENK or AEQKwere dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-ceH-proliferation assays were 
done essentially as described 2 " 1 . Briefly, after antigen pulsing OOjigmTV 
TTCF) with tetrapeptides (1-2 mgrnT 1 ), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehydt Glycine was added 
to a final concentration of 0.1M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with TVceU clones in 
round-bottom 96-well micro titre plates. After 48 h, the cultures were pulsed 
with 1 u.Ci of ^-thymidine and harvested for scintillation counting 16 h later. 
Predlgestion of native TTCF was done by incubating 200 jig TTCF with 0.25 fig 
pig kidney legumain in 500 uJ 50 mM citrate buffer, pH 5.5, for i h at 37 °C. 
GlycopoptJdo digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EEDI and H1DNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-tenninal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5 mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatograpBy il ..<51ycopeptides corresponding to residues 
622-642 and 421^452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol Digestions were performed for 3 h at 30 °C with 
5-50 mUmr 1 pig kidney legumain or B-ceD AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lO mgmT 1 a- 
cyanodnnaraic add in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. „ . 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to me tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this c£)NA decoy receptor 3 (l?cR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs)VLike oneother TNFR homologue, osteoprotegerin (OPG) 3 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine -tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, arid migrated on polyacryiamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6 ' 7 l AP03L/TWEAK 8,9 , or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3^Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig* 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRL <Sel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity {K 6 = 0.8 ± 0.2 and 
U± 0.1nM, respectively, Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas. (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 u-g mT 4 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3bJ. We also tested the effect of DcR3^Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results", activation 
of interleulrin-2- stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent Thus* DcR3 binding 
blocks apoptosis induction by FasL v 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
grajizymes U4 ~ 16 . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
; -30%, with half-maximal inhibition at ~1 jigmT 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesisj we 
investigated whether the DcR3 gene is amplified in cancer* We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of 0cR3 and of osteoprotegerin(OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the rV-linked glycosylation site (asterisk) are 
shown, b. Expression of OcR3 mRNA. Northern hybridization analysis was done . 
using the OcR3 cDNA as a probe and blots of poMA)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBI_ peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRKS encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line» shaded area), TNFR1 -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS: Statteticalenarysis showed a Significant difference (P < 0D01) between the 
binding of DcR3^Fc to cells transfected with FasL or pRK&; PE, phycoerythrin- 
labelled cells, b, 293 ceils were transfected as in a and metabolicaliy labelled, and 
cell supematants were immunoprecipitated with Flagged TNFR1, DcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFR1 -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
. loaded directly for comparison in the right-hand lane, d, Rag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFesL-Rag* 
Inset, competition of 0cR3-Fc with Fas-Fc for binding to sFasLrFlag: 
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reaction (PCR) 11 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of Ifi lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based- PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis- 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic done that 
carries DcR3, and sequenced the ends of the clone's insert We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, sltghtfy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to Fast and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-femily members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG W9 . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 




figure 3 Inhibition of FasL activity by DcR3. a, Human iurkat T leukaemia cells 
were incubated with Reg-tagged soluble FasL (sFasl: Sngmr 1 ) oligomerteed 
with antiflag antibody jo.l |igmr*) irv the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGland: assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of 1 *g mr 1 DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and epoptosis was determined at the indicated time 
points, c, Peripheral blood T ceils were stimulated with PHA and interleukirt-2, 
followed by control (white bars) or enti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fc or DcR3-Fc (lOjtgmr 1 ). 
After .16 h, apoptosis of dt>4* cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with 8, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). FesrFc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 6, Cr (mean ± s.d. for two donors, each in triplicate). 



Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d, f, g. h. j, k, r). seven squamous-cell carcinomas (a. e, 
m. ri. o, p. q), one non-small-cell carcinoma (b), one smalircell carcinoma (I), and 
one bronchial adenocarcinoma (l)..The data are means ± s.d. of 2 experiments 
done In duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means.± s.e.m. of five experiments done in duplicate! c In situ hybridization 
analysis of DcR3 mRMA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-fteld Image 
(right) show DcR3 mRNA oyer infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplication of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and -Fwd), the 
DcR3-linked marker T160, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate.. Asterisk indicates P < 0.01 for a Students f-test 
. comparing each marker with DcR3. 
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- FasL binding; hence, it may represent a third mechanism of 
ettracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNTFR family, DcRl and DcR2, regulate the FasLrrelated apoptosis- 
inducing molecule AP02L 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 

; decoy for Apo2L 19 . Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TKF-fcunily ligands, 
hereby modulating the antiviral immune response 1 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 

Methods 

Isolation of DcR3 cDNA. Several overlapping ESTfc in GenBank (accession 
numbers AA025672, AA625673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR fomily. We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive done 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). / „• ' v 

Fc-fuaioh proteins (immunoadhosins). The entire DcR3 sequence, or the 
cctodomain of Fas or TNFRl, was fused to the hinge and Pc region of human 
IgGl, expressed in insect SF9 cells or in human- 293 cells, and purified as 
described*, y . '. .,- ~ -jy £ 

Ruomscence-activated cell sorting (FACS) analysis. We transfectcd 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human Fast 4 (2 jxg), together with pRK5 encoding CrmA 
(2 jig) to prevent cell death* After 16 h, the cells were incubated with 
biotinyiated DcR3-:Fc or TNFRl -Fc and then withphycoerymrin-conjugated 
streptavidin (GibcoBRL) , and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnoy statistical analysis. There was some detectable staining 
; of vectorrtiansfected cells by DcR3-Fc; as these cdls express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that, is 
expressed constitutively on 293 cells. 

bnmunopreclpKation. Human 293 cells were transfected as above, . and 
metabobcally labelled with f 35 S] cysteine and (^S) methionine (OJmCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fink (IOjiM), 
the medium was iinmunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 
(5 (j.g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 u,g) (Alexis) was incubated 
with each Fc-fusion protein (1 u,g); precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit antiv 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 jtg) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1 5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-mI fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 uJ aliquots into micro titre 
wells precoated with anti-human IgG (Boehringef); to capture DcR3^Fc, 
foflowed by detection with biotinyiated anti- Flag antibody Bio M2 (Kodak) and 
streptavidm-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSAin PBS; DcR3-Fc or Fas- Fc was added, followed by 
serially diluted Flag-tagged soluble FasL Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICD. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated.with phytohaemagglutinin (PHA; 2 ixgTnT'y for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml" 1 ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin-V-binding of CD4 + cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16h with "Cr-Ioaded Jurkat cells at an effector 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of 51 Cr in effector- target co- 
cultures relative to release of 5l Cr by detergent lysis of equal numbers of Jurkat 
-cells. . 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Qnirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR 1 * 
using a TaqMan instrument (ABI ). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159), the nearest 
avaflable marker which maps to -500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CrTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5 ' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 UiCr) I where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eufcaryotes 1 . The recently completed Escherichia colt genome 
sequence revealed that the largest family of paralogous £ coli 
proteins is composed of ABC transporters 3 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductanceregulator (CFTR), 
the P-grycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 13 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter horn Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFFR proteins. 

ABC transporters contain four structural domains: two riucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 

'prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of 5. typhimurium and £ col?*~* is a 
well -characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP*, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 

: activity 8 , and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 5 . HisP has been purified 
and characterized in an active soluble form 5 which can be recon* 
stituted into a fully active membrane-bound complex 8 * 

The overall shape of the crystal structure of the HisP. monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded P- 
sheet (03 and 08-p 12) spans both arms of the L, with a domain of a 
a- plus P-type structure (pi, P2, P4-P7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 
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Figure 1 Crystal structure of HisP. a t - View of the dimer-. along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested: 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and fc-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The B-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a, towards arm II, showing, the ATP-binding 
pocket a-c. The protein and the bound ATP are in 'ribbon* and 'baU-anc^sticV 
representations, respectivefy. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRirP. N, amino terminus; C. C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-ceaction (PCR) method, 
based on fluorescent TaqMan methodology, and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
: of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post- PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently; amplified genes (myc, ccndl and 
ertoB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed' in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable; and should find 
broad applications in clinical and research settings. Int I 
Cancer 78:661-666, 1998. 
© 1998 Mley-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective, 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors: Other techniques such as comparative genomic, hybridiza- 
tion (CGH) (Kallioniemi etal, 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccndl (1 lql 3), and erbB2 (1 7ql2-q21) (for review, see Bieche and 
Lidereau, 1995): 

Amplification of the myc, ccndl, and er£B2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used io identify 
sub-populations with a worse prognosis (Berns et al,. 1992; 
Schuuring et al, 1992; Slamon et al, 1987). Muss et al (1994) 
suggested , that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. , 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic, heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5^10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and. formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR); In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The. method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
• instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et al, 1996; Heid et 
al, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et al (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et al, 1993). One fluorescent dye, co-valentiy linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (le., 6-carbbxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (Le., o^arboxy-tetramemyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (Le.. ROX, 6-<arooxy-X-rhodairune) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PGR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et aL, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of bom the primers and the probe is necessary to generate a 
signal; (ft/ the Q (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation, lius is the main reason why Q is a more . 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of Q 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; fiv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contanunation; (y) the 
system is highly automated, since the instrument continuously 
measures fluorescence in air 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 nr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erb&2\ as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Rene fluguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical ba sis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter Q (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (Le., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-qI3 ? in which no genetic alterations have been found irr 
breast-tumorDNA by means of CGH (Kallioniemi et ah, .1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

M copy number of target gene (app, myc, ccndl, erbS2) 

N = — — 

copy number of reference gene (alb) 

Primers, probes, reference human, genomic DNA and PCR 
consumables. Primers and probes were chosen with the. assistance 
of the computer programs Oligo 4,0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer. 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). : 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems; 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems.. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et aL (1993). In 
pracuce, each specific PCR product was obtained by amplifying 20 
ng, of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DN A (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. . 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCl* 1 .25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 1 0% were 
retested. 

All reactions were performed in the AB'I Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler arid a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C t and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients? 
The target genes were the myc, ccndl and erbBl proto-oncogenes, 
and the P-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et al t 1994). The 
reference disomic gene was the albumin gene (alb \ chromosome 
4qll-qi3). 



Validation of the standard curve and dynamic range 
of real-rime PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes, do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders, of 
magnitude), with, samples containing as few as 10 2 copies or as 
many as 10* copies. 

Copy-number ratio of the 2 reference genes Yapp and 'alb; 

The app to alb copy-number ratio was determined in r 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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samples. We selected these 2 genes because they are located ra 2 
chromosome regions (app, 21q21>2; alb, 4q;llrql3) in, which no - 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (KalHoniemi et aL, 1 994). The ratio for 
the IS normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0,6 to 1.6, mean 1.06 ± 0.25), coiifirmmg 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd 1 and ejbB2 gene dose in normal leukocyte DNA 

To determine the cut-off* point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 13 
(mean 0.84 ± 0.22) for mvc. 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1,3 (mean 0.91 ± 6.19>for erbBl. SinceN values 
for myc, ccnd J and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to. 
represent gene amplification in tumor DNA. 

myc, ccndl and erbitt gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I; Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbB2 (15% 
\ 167108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccnd J gene was 
amplified 16-fold (T145), 6-fold (Tl 33) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, wye and ccndl 
in 2 cases and myc and erbBl in I case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 
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0 
0 
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97(89.8%) 11(10.2%) 
83 (76.9%) .17(15.7%) 
87(80.6%) 8(7.4%) 


0 

8(7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantmes of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed; paraffin-embedded.tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages 6ver other PCR-based quantitative assays such as 
compenuve qiumtitativeP^ fCelie/a/.. 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gerie in more jhan 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formahn-flxed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none pf the reaction components is rate-limiting. The 
within-run CV of the C t value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C t ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
em blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al 
1996; Slamon et aL, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed* in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining; 

The results of this study are in agreement with those reported in 
the literature, (f) Chromosome regions 4q 11 -q 1 3 and 21q2l.2 
(which bear alb and app,. respectively) showed no genetic alter- 
ations in the breasfccancer samples studied here, in keeping with 
the results of CGH (KalHoniemi et aL 1994). (Q We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns etal, 1992; Borge/<j/. f 1992). (/«) 
The frequency and degree of mvc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et al. ( 1 992) and Courjal et al 
(1997). (rV) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 18 (E12, C6, black squares), T133 (Gil B4 red squares) 
and Tl 45 (A8, C8, blue squares); Given the Q of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only One are shown here, the results are shown in Table II 



30-fold maximum) (Bernse/ al. 1992; BorgetaL, 1992; Courjaler et al t 1996). Our results also correlate well wim those recently 

aL. 1997). (v) The erbB2 copy numbers obtained with real-time published by Gelmini et ai (1997), who used the TaqMan system to 

PCR were in good agreement with data obtained with other measure erbBl amplification in a small series of breast tumors 

quantitative PCR-based assays in terms of the frequency and (n - 25), but with an instrument (LS-50B luminescence spectrom- 

degree of amplification (An etal., 1995; Deng et al: v 1996; Valeron eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE If - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




HccndUaib 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean. 


SD 


TU8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 






T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375' 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
ampfification QAccndlialb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
vn& cendl gene dosage in breast cancer by means of quantitative 
PCR. (yi) We found a high decree of concordance between 
real-time quantitative PGR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(&5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erb&l) observed by means of realrtime 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PGR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysorhy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the fixture by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Bore et aL 1992- 
Slamon^a/., 1987). 

Finally, mis technique can be applied to the detection of gene 
deletion as weft as gene amplification. Indeed, we found a 
decreased copy number of erbhl (but not of the other 2 proto- 
oncogenes) in several tumors; erbhZ is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time, it should find a place in routine clinical 
gene dosage, 
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